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SEMICONDUCTOR DEVICE, ELECTRONIC
DEVICE, ELECTRONIC EQUIPMENT,
METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE, AND METHOD
OF MANUFACTURING ELECTRONIC
DEVICE

RELATED APPLICATIONS

The present application claims priority to Japanese Patent
Application No. 2003-031269 filed Feb. 7, 2003 which 1s
hereby expressly incorporated by reference herein.

BACKGROUND

1. Field of the Invention

The present invention relates to a semiconductor device,
an electronic device, electronic equipment, a method of
manufacturing the semiconductor device, and a method of
manufacturing the electronic device, and particularly 1s
suitable for applying to a stacked structure of semiconductor
packages and the like.

2. Description of the Related Art

In a conventional semiconductor device, 1n order to save
space at the time of mounting semiconductor chips, there has
been a method of three-dimensionally mounting semicon-
ductor chips while interposing the same type of carrier
substrates, as disclosed 1n Japanese laid-open patent publi-
cation No. 10-284683.

However, 1n the method of three-dimensionally mounting,
semiconductor chips while interposing the same type of
carrier substrates, stacking of different type of packages
becomes difficult. As such, there 1s a problem 1in that the
cellectiveness 1n space savings 1s not increased because of
such difhiculty 1n stacking different types of chips. The
present invention 1s itended to provide a semiconductor
device, an electronic device, electronic equipment, a method
of manufacturing the semiconductor device, and a method of
manufacturing the electronic device, which can realize a
three-dimensional mounting structure of different types of
packages.

SUMMARY

In order to solve the above-described problem, a semi-
conductor device according to an embodiment of the present
invention mcludes a first semiconductor package in which a
first semiconductor chip 1s mounted, and a second semicon-
ductor package that 1s supported on the first semiconductor
package such that ends of the second semiconductor pack-
age are arranged above the first semiconductor chip.

This enables the second semiconductor package to be
stacked on the first semiconductor package in which the first
semiconductor package 1s mounted, even when the size of
the first package 1s different from that of the second semi-
conductor package. For this reason, a three-dimensional
mounting structure and stacking of different types of chips
can be realized even when the first package 1s a different
type from that of the second semiconductor package. As
such, the effectiveness of space savings can be improved.

Furthermore, a semiconductor device according to an
embodiment of the mvention further includes a third semi-
conductor package which 1s supported on the first semicon-
ductor package such that ends of the third semiconductor
package are arranged above the first semiconductor chip.
This enables arranging the second semiconductor package
and the third semiconductor package on the first semicon-
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ductor package, and arranging a plurality of semiconductor
packages on the same first semiconductor chip. As such, the
mounting area can be further reduced.

Furthermore, as for a semiconductor device according to
an embodiment of the invention, the second semiconductor
package and the third semiconductor package are separated
from each other. Accordingly, even when arranging the
second semiconductor package and the third semiconductor
package on the first semiconductor package, the heat gen-
erated from the first semiconductor chip can be radiated
from the gap between the second semiconductor package
and the third semiconductor package, and thus the radiation
characteristic of the heat generated from the first semicon-
ductor chip can be improved. For this reason, a plurality of
semiconductor packages can be arranged above the same
first semiconductor chip while suppressing reliability deg-
radation of the first semiconductor chip. As such, the mount-
ing area can be reduced while suppressing functional mal-
functioning.

Furthermore, as for a semiconductor device according to
an embodiment of the invention, at least one of the size,
thickness or material 1s different between the second semi-
conductor package and the third semiconductor package.
This enables arranging a plurality of different types of
packages above the same semiconductor chip, and to cancel
out warp produced between the packages, while enabling the
turther reduction of the mounting area. Thus, the connection
reliability between the packages can be improved.

Furthermore, as for a semiconductor device according to
an embodiment of the invention, at least one gap selected
from the group consisting of: a first gap between the second
semiconductor package and the third semiconductor pack-
age; a second gap between the first semiconductor package
and the second semiconductor package; and a third gap
between the first semiconductor package and the third
semiconductor package, 1s filled with resin.

This enables the relief of stress generated in the semicon-
ductor packages due to resin injected between the semicon-
ductor packages. For this reason, the impact resistance of the
semiconductor packages can be improved, and thus, even
when stacking a plurality of semiconductor packages, the
reliability of the semiconductor packages can be ensured.
Furthermore, as for a semiconductor device according to an
embodiment of the invention, the first semiconductor pack-
age includes a first carrier substrate i which the first
semiconductor chip 1s flip-chip mounted, and the second
semiconductor package includes a second semiconductor
chip, a second carrier substrate in which the second semi-
conductor chip 1s mounted, protruding electrodes which are
bonded onto the first carrier substrate and which hold the
second carrier substrate above the first semiconductor chip,
and a sealing agent, which seals the second semiconductor
chip.

This enables the stacking of different types of packages
while suppressing an increase in height, and the reduction of
the mounting area by bonding the protruding electrodes on
the first carnier package. Furthermore, as for a semiconduc-
tor device according to an embodiment of the invention, the
first semiconductor package 1s a ball grid array 1n which the
first semiconductor chip 1s tlip-chip mounted on the first
carrier substrate, and the second semiconductor package 1s
a ball grid array or a chip-size package in which the second
semiconductor chip mounted on the second carrier substrate
1s sealed with a mold.

This enables the stacking of different types of packages
even when using general-purpose packages. As such, the
mounting area can be reduced while suppressing the degra-
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dation of production efliciency. Furthermore, as for a semi-
conductor device according to an embodiment of the inven-
tion, the protruding electrodes are arranged at least at four
corners of the second carrier substrate and are excluded from
a mounting region of the first semiconductor chip. 5

This enables stable holding of the second semiconductor
package on the first semiconductor package by adjusting the
arranged position of the protruding electrodes even when
arranging ends of the second semiconductor package above
the first semiconductor package. As such, the mounting area 10
can be reduced while suppressing the complication of the
stacking structure. Furthermore, as for a semiconductor
device according to an embodiment of the invention, the first
semiconductor chip may be a logic-processing element and
the second semiconductor chip may be a memory element. 15

This enables the easy realization of various functions and
a stacked structure of memory eclements as well while
suppressing an increase ol the mounting area, and thus,
memory storage capacity can be increased. Furthermore, a
semiconductor device according to an embodiment of the 20
invention includes a first package 1n which a first semicon-
ductor chip 1s mounted, and a second semiconductor chip
which 1s supported on the first semiconductor package such
that ends of the second semiconductor chip are arranged
above the first semiconductor chip. 25

This enables flip-chip mounting of the second semicon-
ductor chip on the first semiconductor package, such that the
second semiconductor chip 1s arranged on the first semicon-
ductor chip without interposing a carrier substrate between
the first semiconductor chip and the second semiconductor 30
chip, even when the types or sizes of the semiconductor
chips are different. For this reason, the mounting area can be
reduced while suppressing an increase 1n height at the time
of stacking semiconductor chips. As such, the eflectiveness
In space savings can be improved. 35

Furthermore, as for a semiconductor device according to
an embodiment of the invention, the second semiconductor
chip 1mcludes a three-dimentional mounting structure. This
enables the stacking of a plurality of second semiconductor
chips having a different type or size than that of the first 40
semiconductor chip, on the first semiconductor chip, and
thus the space savings can be attained at the time of
mounting semiconductor chips while enabling various func-
tions.

Furthermore, a semiconductor device according to an 45
embodiment of the mvention includes a first package 1n
which an electronic component 1s mounted, and a second
package which 1s supported on the first package such that
ends of the second package are arranged above the elec-
tronic component. This enables the realization of a three- 50
dimensional mounting structure even when the first package
1s a different type than the second package. Thus, the
ellectiveness 1n space savings can be improved because the
stacking of different types of components can be attained.

Furthermore, a semiconductor device according to an 55
embodiment of the invention includes a first semiconductor
package in which a semiconductor chip 1s mounted, a second
semiconductor package which 1s supported on the first
semiconductor package such that ends of the second semi-
conductor package are arranged above the semiconductor 60
chip, and a motherboard on which the second semiconductor
package 1s mounted. This enables to realize a three-dimen-
sional mounting structure of different types of packages 1n
which semiconductor chips are mounted, and thus minia-
turizing and weight saving of electronic equipment can be 65
attained, while enabling the improvement of functional
characteristics of electronic equipment.

4

Furthermore, a method of manufacturing a semiconductor
device according to an embodiment of the invention
includes a step which mounts a first semiconductor chip on
a first carrier substrate, a step which mounts a second
semiconductor chip on a second carrier substrate, a step
which forms first protruding electrodes on the second carrier
substrate, and a step which bonds the first protruding elec-
trodes on the first carrier substrate such that ends of the
second carrier substrate are arranged above the first semi-
conductor chip.

This enables the stacking of the second carrier substrate
on the first carrier substrate in which the first semiconductor
chip 1s mounted, by bonding the first protruding electrodes
onto the first carrier substrate, even when the sizes of the first
carrier substrate and the second carrier substrate are difler-
ent. For this reason, stacking of different types of chips can
be attamned by adjusting the arranged position of the first
protruding electrodes, thereby enabling the improvement of
the eflectiveness 1n space savings, while suppressing the
complication of the manufacturing steps.

Furthermore, a method of manufacturing a semiconductor
device according to an embodiment of the invention
includes a step which mounts a third semiconductor chip on
a third carrier substrate, a step which forms second protrud-
ing electrodes on the third carrier substrate, and a step which
bonds the second protruding electrodes on the first carrier
substrate such that ends of the third carrier substrate are
arranged above the first semiconductor chip.

This enables arranging a plurality of semiconductor pack-
ages above the same semiconductor chip by adjusting the
arranged position of the first protruding electrodes and the
second protruding electrodes. As such, a further reduction of
the mounting area becomes possible while suppressing the
complication of the manufacturing steps. Furthermore, a
method of manufacturing a semiconductor device according
to an embodiment of the invention further includes a step
which 1njects resin into at least one gap selected from the
group consisting of: a first gap between the second carrier
substrate and the third carrier substrate; a second gap
between the first carrier substrate and the second carrier
substrate; and a third gap between the first carrier substrate
and the third carrier substrate.

This enables the eflicient injection of the resin 1nto gaps
between the semiconductor packages, and thus the gaps
between the semiconductors can be narrowed. For this
reason, the mounting density of the semiconductor packages
can be improved while improving the impact resistance of
the semiconductor packages, and thus the mounting area can
be reduced, while ensuring the reliability of the semicon-
ductor packages.

Furthermore, a method of manufacturing a semiconductor
device according to an embodiment of the invention further
includes a step which seals the second carrier substrate 1n
which the second semiconductor chip 1s mounted, with a
first sealing agent, a step which seals the third carrier
substrate 1n which the third semiconductor chip 1s mounted,
with a second sealing agent, a step which makes the surface
of the first sealing agent and the surface of the second
sealing agent contact a flat surface 1n a condition of having
the first sealing agent and the second sealing agent sepa-
rated; and a step which {ills the gap between the first sealing
agent and the second sealing agent with resin by 1njecting
resin from the formation surface side of the first protruding,
clectrodes and the second protruding electrodes.

This enables the planarization of the top surface of the
semiconductor package, which 1s arranged at the upper
stage, even when the second carrier substrate and the third
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carrier substrate, which are mounted on the first substrate,
are separated from each other. For this reason, a stable
picking up of the semiconductor package with an absorption
pad becomes possible, thereby enabling the precise mount-
ing of the semiconductor packages on a motherboard.

Furthermore, a method of manufacturing an electronic
device according to an embodiment of the invention
includes a step which mounts a first electronic component on
a first carrier substrate, a step which mounts a second
clectronic component on a second carrier substrate, a step
which forms protruding electrodes on the second carrier
substrate, and a step which bonds the protruding electrodes
onto the first carrier substrate such that ends of the second
carrier substrate are arranged above the first electronic
component.

This enables the arrangement of the second electronic
component on the first semiconductor component by adjust-
ing the arranged position of the protruding electrodes, and
thus a reduction of the mounting areca becomes possible,
while suppressing the complication of the manufacturing
steps.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing a structure of a
semiconductor device according to a first embodiment.

FIG. 2 1s a plan view showing a configuration according,
to the first embodiment.

FIGS. 3(a)-(d) are sectional views showing a manufac-
turing method according to a second embodiment.

FIGS. 4(a)-(d) are sectional views showing a manufac-
turing method according to a third embodiment.

FIG. 5 1s a sectional view showing a structure of a
semiconductor device according to a fourth embodiment.

FIG. 6 1s a sectional view showing a structure of a
semiconductor device according to a fifth embodiment.

FIG. 7 1s a sectional view showing a structure of a
semiconductor device according to a sixth embodiment.

FIG. 8 1s a sectional view showing a structure of a
semiconductor device according to a seventh embodiment.

FIG. 9 1s a sectional view showing a structure of a
semiconductor device according to an eighth embodiment.

FIG. 10 1s a sectional view showing a structure of a
semiconductor device according to a ninth embodiment.

DETAILED DESCRIPTION

Hereinafter, semiconductor devices, electronic devices
and methods of manufacturing the same according to
embodiments of the present invention will be described with
reference to drawings. FIG. 1 1s a sectional view showing a
structure of a semiconductor device according to a first
embodiment of the invention, and FIG. 2 1s a plan view
showing a structure of the semiconductor device according
to the first embodiment of the invention. In addition, accord-
ing to the first embodiment, a semiconductor package PK12
in which semiconductor chips (or semiconductor die) 23a-
23c¢ of a stacked-structure are wire-bonded, and a semicon-
ductor package PK13 in which semiconductor chips (or
semiconductor die) 33a-33c¢ of a stacked-structure are wire-
bonded, are stacked on a semiconductor package PK11 in
which a semiconductor chip (or semiconductor die) 13 1s
mounted by using ACF (Anisotropic Conductive Film)
bonding.

In FIG. 1, the semiconductor package PK11 has a carrier
substrate 11 provided therein, and lands 12q and 12¢ are
formed on both sides of the carrier substrate 11. Internal
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wirings 125 are formed inside the carrier substrate 11. Then,
on the carrier substrate 11, the semiconductor chip 13 1is
tlip-chip mounted, and protruding electrodes 14 for tlip-chip
mounting are formed on the semiconductor chip 13. Then,
the protruding electrodes 14, which are formed on the
semiconductor chip 13, are ACF bonded onto the lands 12¢
via an anisotropic conductive sheet 15. Protruding elec-
trodes 16 for mounting the carrier substrate 11 on a moth-
erboard are formed on the lands 12a which are formed on the
back surface of the carrier substrate 11.

By mounting the semiconductor chip 13 on the carrier
substrate 11 by using ACF bonding, the space for wire
bonding and mold sealing becomes unnecessary. Thus, this
cnables the attainment of space savings at the time of
three-dimensional mounting, while enabling the temperature
to be lowered when bonding the semiconductor chip 13 onto
the carrier substrate 11, and thus warping of the carrier
substrate 11 1n actual use can be reduced.

On the other hand, the semiconductor packages PK12 and
PK13 have carrier substrates 21 and 31 provided therein,
respectively. While lands 22a, 224', 32a, and 324' are
formed on the back surfaces of the carrier substrates 21 and
31, respectively, lands 22¢ and 32¢ are formed on the top
surface of the carrier substrates 21 and 31, respectively, and
turthermore internal wirings 2256 and 3256 are formed 1nside
the carrier substrate 21 and 31, respectively. Here, on the
lands 22a and 32a, protruding electrodes 26 and 36 are
arranged, respectively, while the lands 224" and 32a' can be
left without the protruding electrodes 26 and 36 arranged
thereon.

Then, on the carrier substrates 21 and 31, while semicon-
ductor chips 23a and 33q are face-up mounted respectively
via respective adhesion layers 24a and 34a, the semicon-
ductor chips 23a and 33a are wire-bonded to the lands 22¢
and 32¢ wvia respective conductive wires 25aq and 35aq.
Furthermore, on the semiconductor chips 23a and 33a,
semiconductor chips 235 and 33)H are face-up mounted
respectively, while avoiding the conductive wires 25aq and
35a. Furthermore, the semiconductor chips 235 and 335 are
secured, respectively, onto the semiconductor chip 23a and
33a via respective adhesion layers 245 and 345, while being
wire-bonded to the lands 22¢ and 32c¢ via respective con-
ductive wires 256 and 3554. Furthermore, on the semicon-
ductor chips 235 and 335, semiconductor chips 23¢ and 33¢
are Tace-up mounted respectively, while avoiding the con-
ductive wires 256 and 35b6. Then the semiconductor chips
23¢ and 33c¢ are secured, respectively, onto the semiconduc-
tor chip 235 and 335b via respective adhesion layers 24¢ and
34c, while being wire-bonded onto the lands 22¢ and 32¢ via
respective conductive wires 25¢ and 35c.

Moreover, on the lands 22a and 32a formed on the back
surfaces of the respective carrier substrates 21 and 31,
protruding electrodes 26 and 36, which mount the carrier
substrates 21 and 31 respectively on the carrier substrate 11,
are formed such that the carrier substrates 21 and 31 are held
above the semiconductor chip 13. Here, the protruding
clectrodes 26 and 36 preferably exist at least at the four
corners of the carrier substrates 21 and 31. For example, as
shown 1n FIG. 2, the protruding electrodes 26 and 36 may be
arranged 1 a U-shape.

This enables the stable holding of the carrier substrates 21
and 31 on the carrier substrate 11, even when the carrier
substrates 21 and 31 are mounted on the carrier substrate 11,
such that ends of the carnier substrates 21 and 31 are
arranged above the semiconductor chip 13. Moreover,
adjustment of the arranged position of the protruding elec-
trodes 26 and 36 becomes possible by having lands 224" and
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324', which are left without the protruding electrodes 26 and
36 arranged thereon, provided on the carrier substrates 21
and 31, respectively. For this reason, even when the type and
s1ze of the semiconductor chip 13, which 1s to be mounted
on the carrier substrate 11, are changed, the protruding
clectrodes 26 and 36 can be re-arranged without changing
the structures of the carrier substrates 21 and 31. As such, a
general-purpose use of the carrier substrates 21 and 31 can
be attained.

By bonding the protruding electrodes 26 and 36 onto the
lands 12¢, which are provided on the carrier substrate 11, the
carrier substrates 21 and 31 can be mounted on the carrier
substrate 11 such that ends of the carrier substrates 21 and
31 are arranged above the semiconductor chip 13. This
ecnables arranging a plurality of semiconductor packages
PK12 and PK13 on the same semiconductor chip 13, thereby
a three-dimensional mounting of different types of semicon-
ductor chips 13, 23a-23¢ and 33a-33¢ can be attained, while
enabling to the reduction of the mounting area.

Here, as for the semiconductor chip 13, for example, a
logic-processing element such as a CPU, and as for the
semiconductor chips 23a-23¢ and 33a-33c¢, for example,
memory elements such as DRAM, SRAM, EEPROM and a
flash memory can be used. This enables the realization of
various functions, while suppressing an increase of the
mounting area, and furthermore to easily realize a stacked
structure of memory elements, thereby the storage capacity
can be easily increased.

In addition, when mounting the carrier substrates 21 and
31 on the carrier substrate 11, the back surfaces of the carrier
substrates 21 and 31 may be closely contacted onto the
semiconductor chip 13, or the back surfaces of the carrier
substrates 21 and 31 may be separated from the semicon-
ductor chip 13. Moreover, the side walls of the carrier
substrate 21 and the carrier substrate 31 may closely contact
cach other or they may be separated from each other. Here,
by having the side walls of the carrier substrate 21 and the
carrier substrate 31 closely contacted, the packaging density
of the semiconductor packages PK12 and PK13 which are to
be mounted on the semiconductor package PK11 can be
improved, thereby attaining space savings. On the other
hand, by separating the side walls of the carrier substrate 21
and the carrier substrate 31 from each other, the radiation of
heat generated from the semiconductor chip 13 through the
gap between the semiconductor packages PK12 and PK13
becomes possible. As such, the radiation characteristic of the
heat generated from the semiconductor chip 13 can be
improved.

Moreover, sealing resin 27 and 37 1s provided over the
whole surface of the carrier substrates 21 and 31, respec-
tively, on the mounting side of the semiconductor chips
23a-23¢ and 33a-33c¢, and thus the semiconductor chips
23a-23¢ and 33a-33c¢ are sealed with resin 27 and 37,
respectively. In addition, when sealing the semiconductor
chips 23a-23¢ and 33a-33c¢ by the sealing resin 27 and 37,
respectively, molding which uses a thermosetting resin, such
as an epoxy resin, can be carried out.

In addition, as for the carrier substrates 11, 21, and 31, for
example, a double-sided substrate, a multilayer-interconnec-
tion substrate, a build-up substrate, a tape substrate, or a film
substrate, can be used. As for the material of the carrier
substrates 11, 21 and 31, for example, a polyimide resin, a
glass epoxy resin, BT resin, a composite of aramid and
epoXy, or a ceramic, can be used. Moreover, as for the
protruding electrodes 16, 26 and 36, for example, an Au
bump, Cu bump or N1 bump covered with solder material or
the like, or a solder ball, can be used, and furthermore as for
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the conductive wires 25a-25¢ and 35a-35¢, for example, Au
wire, and aluminum wire, can be used. Moreover, 1n the
above-described embodiment, 1n order to mount the carrier
substrates 21 and 31 on the carrier substrate 11, although a
method of forming the protruding electrodes 26 and 36 on
the respective lands 22a and 32a of the carrier substrates 21
and 31, has been described, the protruding electrodes 26 and

36 may be formed on the lands 12¢ of the carrier substrate
11.

Moreover, 1n the above-described embodiment, although
a method of mounting the semiconductor chip 13 on the
carrier substrate 11 by using ACF bonding has been
described, other adhesive bonding, for example, such as
NCF (Nonconductive Film) may be used, or a metal bonding
such as solder bonding and alloy bonding may be used.
Moreover, although a method of using wire bonding has
been described, when mounting the semiconductor chips
23a-23c¢, and 33a-33¢ on the carrier substrates 21 and 31,
respectively, the semiconductor chips 23a-23c¢, and 33a-33¢
may be flip-chip mounted onto the carrier substrates 21 and
31, respectively. Furthermore, in the above-described
embodiment, although a method of mounting only one
semiconductor chip 13 on the carrier substrate 11 has been
described as an example, a plurality of semiconductor chips
may be mounted on the carrier substrate 11.

FIGS. 3(a)-(d) are sectional views showing a method of
manufacturing a semiconductor device according to a sec-
ond embodiment of the mnvention. In addition, according to
the second embodiment, resin 65 1s injected nto the gap
between semiconductor packages PK22 and PK23, which
are mounted on a semiconductor package PK21 such that
ends of the semiconductor packages PK22 and PK23 over-
lap above a semiconductor chip 43, the gap between semi-
conductor packages PK21 and PK22, and the gap between
semiconductor packages PK21 and PK23.

In FIG. 3(a), the semiconductor package PK21 has a
carrier substrate 41 provided therein, and lands 42q and 425
are formed on both sides of the carrier substrate 41. Then, on
the carrier substrate 41, the semiconductor chip 43 1s tlip-
chip mounted, and furthermore protruding electrodes 44 for
tlip-chip mounting are formed on the semiconductor chip
43. Then, the protruding electrodes 44, which are formed on
the semiconductor chip 43, are ACF bonded onto lands 4256
via an amsotropic conductive sheet 45.

On the other hand, semiconductor packages PK22 and
PK23 have carrier substrates 51 and 61 provided therein,
respectively, and lands 352 and 62 are formed on the back
surfaces of the carrier substrates 31 and 61, respectively, and
protruding electrodes 53 and 63, such as solder balls, are
formed on the lands 52 and 62, respectively. Moreover, on
the carrier substrates 51 and 61, semiconductor chips are
mounted, and the whole surface of the carrier substrates 51
and 61 in which the semiconductor chips are mounted, 1s
sealed by sealing resin 54 and 64, respectively. In addition,
on the carrier substrate 51 and 61, semiconductor chips,
which are wire bonded, may be mounted, or the semicon-
ductor chips may be flip-chip mounted, or a stacked struc-
ture of the semiconductor chips may be mounted.

Then, when stacking the semiconductor packages PK22
and PK23 on the semiconductor package PK21, a flux or
soldering paste 1s applied to the lands 426 of the carrier
substrate 41. Next, as shown 1n FIG. 3(5), by mounting the
semiconductor packages PK22 and PK23, which are sepa-
rated from each other, onto the semiconductor package
PK21, and by carrying out retflow processing, the protruding
clectrodes 53 and 63 are bonded onto the lands 425.
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This enables arranging the plurality of semiconductor
packages PK22 and PK23 above the same semiconductor
chip 43 by adjusting the arranged position of the protruding
clectrode 33 and 63, which are to be arranged on the carrier
substrates 51 and 61. Thus, a reduction of the mounting area
becomes possible, while preventing the complication of the
manufacturing steps. Moreover, by stacking the semicon-
ductor packages PK22 and PK23 on the semiconductor
package PK21, sorting out and mounting only inspection-
fintshed good semiconductor packages PK21, PK22, and
PK23 becomes possible, thereby the manufacturing yield
can be increased.

Next, as shown 1 FIG. 3(c¢), the gap between the semi-
conductor packages PK21, PK22, and PK23 1s filled with
resin 65 by injecting the resin 65 mto the gap between the
semiconductor packages PK21, PK22, and PK23. Here,
when filling the gap between semiconductor packages
PK21, PK22, and PK23 with the resin 65, the resin 65 can
be ijected nto any gap including: the gap between the
semiconductor package PK21 and the semiconductor pack-
age PK22; the gap between the semiconductor package
PK21 and the semiconductor package PK23; or the gap
between the semiconductor package PK22 and the semicon-
ductor package PK23.

This enables efliciently filling the gap between the semi-
conductor packages PK21, PK22, and PK23 with the resin
65, and thus the impact resistance of the semiconductor
packages PK21, PK22, and PK23 can be improved. For this
reason, even when residual stress concentrates on the root of
the protruding electrodes 53 and 63, cracking can be pre-
vented from being induced on the protruding electrodes 53
and 63, and thus the reliability of the semiconductor pack-

ages PK21, PK22, and PK23 can be improved.

Next, as shown 1n FIG. 3(d), protruding electrodes 46 for
mounting a carrier substrate 41 on a motherboard are formed
on the lands 42a, which are formed on the back surface of
the carrier substrate 41.

FIGS. 4(a)-(d) are sectional views showing a method of
manufacturing a semiconductor device according to a third
embodiment of the mvention. In addition, according to the
third embodiment, semiconductor packages PK32 and PK33
in which protruding electrodes 83 and 93 are formed, are
arranged separately and upside down in a container 85
having a flat bottom, and then resin 935 1s 1njected from the
formation surface side of the protruding electrodes 83 and

93 1nto the gap between the semiconductor packages PK32
and PK33.

In FIG. 4, a semiconductor package PK31 has a carrier
substrate 71 therein, and lands 72a and 724 are formed on
both sides of the carrier substrate 71. Then, on the carrier
substrate 71, a semiconductor chip 73 1s flip-chip mounted,
and protruding electrodes 74 for flip-chip mounting are
formed on the semiconductor chip 73. Then, protruding
clectrodes 74 formed on the semiconductor chip 73 are ACF
bonded onto the lands 726 via an anisotropic conductive

sheet 75.

On the other hand, the semiconductor packages PK32 and
PK33 have carrier substrates 81 and 91 provided therein,
respectively, and lands 82 and 92 are formed on the back
surfaces of the carrier substrates 81 and 91, respectively, and
the protruding electrodes 83 and 93, such as solder balls, are
formed on the lands 82 and 92, respectively. Moreover, on
the carrier substrates 81 and 91, semiconductor chips are
mounted, and the whole surface of the carrier substrates 81
and 91 in which the semiconductor chips are mounted, is
sealed with sealing resin 84 and 94, respectively.
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Then, as shown 1n FIG. 4(a), the semiconductor packages
PK32 and PK33 in which the protruding electrodes 83 and
93 are arranged, are arranged separately and upside down, 1n
the container 85 having a flat bottom. Then, resin 95 1s
injected from the formation surface side of the protruding
clectrodes 83 and 93 into the gap between semiconductor
packages PK32 and PK33, and then the resin 93 is cured. In
addition, a cast having a flat bottom may be used instead of
the container 85.

Next, as shown 1n FIG. 4(b) and FI1G. 4(c¢), after the resin
95 has been 1njected 1nto the gap between the semiconductor
packages PK32 and PK33, the semiconductor packages
PK32 and PK33 filled with the resin 95 are taken out from
the container 85. Then, the protruding electrodes 83 and 93
are bonded onto the lands 726 by mounting the semicon-
ductor packages PK32 and PK33, which are filled with the
resin 95, onto the semiconductor package PK31 and by
carrying out reflow processing. Then, the gap between the
semiconductor packages PK31, PK32, and PK33 1s filled
with resin 96 by injecting the resin 96 through the gap
between the semiconductor packages PK31, PK32, and
PK33 from the side thereof.

Next, as shown 1n FIG. 4(d), protruding electrodes 76 for
mounting the carrier substrate 71 on a motherboard are
formed on the lands 72a, which are formed on the back
surface of the carrier substrate 71. This enables the pla-
narization of the top surface of the semiconductor packages
PK32 and PK33, even when the semiconductor packages
PK32 and PK33 are mounted on the semiconductor package
PK31 while being separated from each other. For this
reason, stably picking up the mounting structure of the
semiconductor packages PK31, PK32, and PK33 becomes
possible by using an absorption pad, thereby enabling
mounting of the mounting structure of the semiconductor
packages PK31, PK32, and PK33 on the motherboard with
suflicient accuracy.

In addition, according to the embodiment of FIG. 4,
although a method of filling the gap between the semicon-
ductor packages PK32 and PK33 with the resin 95 after
having formed the protruding electrodes 83 and 93 on the
packages PK32 and PK33 respectively, has been described,
the protruding electrodes 83 and 93 may be formed on the
packages PK32 and PK33 respectively after filling the gap
between the semiconductor packages PK32 and PK33 with
the resin 95.

FIG. 5 1s a sectional view showing a method of manu-
facturing a semiconductor device according to a fourth
embodiment of the mvention. In addition, according to the
fourth embodiment, a plurality of different size semicon-
ductor packages PK42 and PK43 are mounted on a semi-
conductor package PK41. In FIG. 5§, the semiconductor
package PK41 has a carrier substrate 111 provided therein,
and lands 112a and 1126 are formed on both sides of the
carrier substrate 111. Then, on the carrier substrate 111, a
semiconductor chip 113 1s tlip-chip mounted, and protruding,
clectrodes 114 for tlip-chip mounting are formed on the
semiconductor chip 113. Then, the protruding electrodes 114
formed on the semiconductor chip 113 are ACF bonded onto
lands 11256 via an anisotropic conductive sheet 115.

On the other hand, the semiconductor packages PK42 and
PK43 have carrier substrates 121 and 131, which sizes difler
mutually, provided therein, respectively, and lands 122 and
132 are formed on the back surfaces of the carrier substrates
121 and 131, respectively, and furthermore the protruding
electrodes 123 and 133, such as solder balls, are formed on
the lands 122 and 132, respectively. Moreover, the semi-
conductor chips are mounted on the carrier substrates 121
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and 131, and the whole surface of the carrier substrates 121
and 131 in which the semiconductor chips are mounted, 1s
sealed by sealing resin 124 and 134, respectively.

By bonding the protruding electrodes 123 and 133 onto
the lands 11256, which are formed on the carrier substrate
111, a plurality of semiconductor packages PK42 and PK43,
which sizes differ mutually, are mounted on the semicon-
ductor package PK41, such that ends of the carrier substrates
121 and 131 are arranged above the semiconductor chip 113.

While this enables arranging the semiconductor packages
PK42 and PK43 i which different types of chips are

mounted, on the same semiconductor chip 113, and the
reduction of the mounting area, and canceling out the warp
produced between the semiconductor packages PK41,
PK42, and PK43 becomes possible, thereby enabling the
improvement of the connection reliability between the semi-
conductor packages PK41, PK42, and PK43.

In addition, in the embodiment of FIG. 35, although a
method of mounting the plurality of semiconductor pack-
ages PK42 and PK43, which sizes differ mutually, on the
semiconductor package PK41, has been described, semicon-
ductor packages in which thickness, matenal, or sizes difler
mutually, can be mounted on the semiconductor package
PK41. Moreover, as for each of the semiconductor packages
PK42 and PK43 mounted on the semiconductor package
PK41, the arranged position, the arranged pitch, the number
of arranged rows, or the arranging method (for example, a
orid arrangement or a staggered arrangement) and the like of
the protruding electrodes may be changed.

FIG. 6 1s a sectional view showing a structure of a
semiconductor device according to a fifth embodiment of the
invention. In addition, according to the fifth embodiment,
resin 241 1s injected into the gap between semiconductor
packages PK52 and PK53, which are mounted on a semi-
conductor package PK51, such that ends of the semicon-
ductor packages PK52 and PK33 overlap a semiconductor
chup 213. In FIG. 6, the semiconductor package PK51 has a
carrier substrate 211 provided therein, and lands 2124 and
212b are formed on both sides of the carrier substrate 211.
Then, on the carrier substrate 211, the semiconductor chip
213 1s flip-chip mounted, and protruding electrodes 214 for
flip-chip mounting are formed on the semiconductor chip
213. Then, the protruding electrodes 214 formed in the
semiconductor chip 213 are ACF bonded onto the lands
21256 via an anisotropic conductive sheet 215.

On the other hand, the semiconductor packages PK3S2 and
PKS53 have the carrier substrates 221 and 231 provided
therein, respectively, and lands 222 and 232 are formed on
the back surfaces of the carrier substrates 221 and 231,
respectively. Then the protruding electrodes 223 and 233,
such as solder balls, are formed on lands 222 and 232,
respectively. Moreover, semiconductor chips are mounted
on the carrier substrates 221 and 231, and the whole surtface
ol the carrier substrates 221 and 231 1n which the semicon-
ductor chips are mounted, 1s sealed by sealing resin 224 and
234, respectively.

Then, by bonding the electrodes 223 and 233 onto the
lands 21256 formed on the carrier substrate 211, the plurality
of semiconductor packages PK352 and PK53 are mounted on
the semiconductor package PK51 such that ends of the
carrier substrates 221 and 231 are arranged above the
semiconductor chup 213. Moreover, the gap between the
semiconductor packages PK32 and PK53, which are
mounted on the semiconductor package PK31, i1s filled with
resin 241. This enables for the resin 241 to absorb the stress
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applied to the semiconductor packages PK3S2 and PK53, and
thus the reliability of the semiconductor packages PKS52 and
PK53 can be improved.

In addition, when filling the gap between semiconductor
packages PK52 and PK53 with the resin 241, the resin 241

may overtlow into the gap between the semiconductor
packages PK52, PK53, and the semiconductor chip 213.

This enables supporting of the other ends of the semicon-
ductor packages PK52 and PK53 via the resin 241, even
when the protruding electrodes 223 and 233 are arranged
only at one end of semiconductor packages PK52 and PK53,
respectively. As such, a stable mounting of the semiconduc-
tor packages PK52 and PK53 on the semiconductor package
PK51 becomes possible.

FIG. 7 1s a sectional view showing a structure of a
semiconductor device according to a sixth embodiment of
the mvention. In addition, according to the sixth embodi-
ment, lower-stage semiconductor packages PK61 and PK62,
on which a semiconductor package PK63 1s mounted, are
divided. In FIG. 7, the semiconductor packages PK61 and
PK62 have the carrier substrates 311 and 321 provided
therein, respectively, and while lands 312a and 322a are
formed on the back surfaces of the carrier substrates 311 and
321, respectively, lands 31256 and 3225 are formed on the top
surface of the carrier substrates 311 and 321, respectively.
Then, on the carrier substrates 311 and 321, semiconductor
chips 313 and 323 are flip-chip mounted, respectively, and
the protruding electrodes 314 and 324 for flip-chip mounting
are formed on the semiconductor chips 313 and 323, respec-
tively. Then, the protruding electrodes 314 and 324 formed
on the semiconductor chips 313 and 323 are ACF bonded
onto the lands 3125 and 32254 respectively, via an anisotropic
conductive sheets 315 and 325, respectively.

On the other hand, a semiconductor package PK63 has a
carrier substrate 331 provided therein, and lands 332a and
332b are formed on the back surface of the carrier substrate
331, and then protruding electrodes 333a and 3335, such as
solder balls, are formed on the lands 3324 and 3325,
respectively. Moreover, a semiconductor chip 1s mounted on
the carrier substrate 331, and the whole surface of the carrier
substrate 331 in which the semiconductor chip 1s mounted,
1s sealed by sealing resin 334.

Then, by bonding the protruding electrodes 333a and
3335H onto the lands 31256 and 32256 formed on the carrier
substrates 311 and 321, respectively, the semiconductor
package PK63 1s mounted on the semiconductor packages
PK61 and PK62 such that the carrier substrate 331 1is
arranged above the semiconductor chips 313 and 323. This
enables arranging the same semiconductor package PK63 on
the plurality of semiconductor packages PK61 and PK62,
thus a three-dimensional mounting of different types of
chips becomes possible, while enabling the reduction of the
mounting area.

FIG. 8 1s a sectional view showing a structure of a
semiconductor device according to a seventh embodiment of
the invention. In addition, according to the seventh embodi-
ment, semiconductor chips 413, 421, and 431 are flip-chip
mounted on a carrier substrate 411, such that ends of the
semiconductor chips 421 and 431 are arranged above the
semiconductor chip 413.

In FIG. 8, while lands 412a and 412c¢ are formed on both
sides of the carrier substrate 411, internal wirings 41256 are
formed 1nside the carrier substrate 411. Then, on the carrier
substrate 411, the semiconductor chip 413 1s flip-chip
mounted, and protruding electrodes 414 for flip-chip mount-
ing are formed on the semiconductor chip 413. Then, the
protruding electrodes 414, which are formed on the semi-
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conductor chip 413, are ACF bonded onto lands 412¢ via an
anisotropic conductive sheet 415. In addition, when mount-
ing the semiconductor chip 413 on the carrier substrate 411,
besides a method of using ACF bonding, other adhesive
bonding, such as NCF bonding may be used, or a metal
bonding such as solder bonding and alloy bonding, may be
used. Moreover, on the lands 412a formed on the back
surface of the carrier substrate 411, protruding electrodes
416 for mounting the carrier substrate 411 on a motherboard
are Tormed.

On the other hand, on the semiconductor chips 421 and
431, while electrode pads 422 and 432 are formed respec-
tively, insulating layers 423 and 433 are formed such that the
clectrode pads 422 and 432 are exposed. Then, on the
clectrode pads 422 and 433, protruding electrodes 424 and
434 for flip-chip mounting the semiconductor chips 421 and
431 are formed, respectively, such that ends of the semi-
conductor chips 421 and 431 are held above the semicon-
ductor chip 413.

Here, the protruding electrodes 424 and 434 can be
arranged, but are excluded from a mounting region of the
semiconductor chip 413, and for example, the protruding
clectrodes 424 and 434 can be arranged 1n a U-shape. Then,
the semiconductor chips 421 and 431 are tlip-chip mounted
on the carrier substrate 411 such that the protruding elec-
trodes 424 and 434 are bonded onto the lands 412¢ formed
on the carrier substrate 411, and ends of the semiconductor
chips 421 and 431 are arranged above the semiconductor
chip 413.

This enables flip-chip mounting of the semiconductor
chips 421 and 431 above the semiconductor chip 413
without interposing carrier substrates between the semicon-
ductor chups 413, 421 and 431, even when the types or sizes
of the semiconductor chips 413, 421, and 431 are different.
For this reason, the mounting area can be reduced, while
suppressing an increase in height at the time of stacking the
semiconductor chips 413, 421 and 431, thereby the eflec-
tiveness 1n space savings can be improved.

In addition, when mounting the semiconductor chips 421
and 431 on the carrier substrate 411, the semiconductor
chips 421 and 431 may be closely contacted onto the
semiconductor chip 413, or the semiconductor chips 421 and
431 may be separated from the semiconductor chip 413.
Moreover, when mounting the semiconductor chips 421 and
431 on the carnier substrate 411, an adhesive bonding such
as ACF bonding and NCF bonding, may be used, or a metal
bonding such as solder bonding and alloy bonding, may be
used. Moreover, as for the protruding electrodes 414, 416,
424 and 434, for example, an Au bump, Cu bump or Ni
bump covered with solder matenal, or a solder ball, may be
used. Moreover, the gap between the semiconductor chips
421, 431 and the carrier substrate 411 can be filled with
sealing resin.

FIG. 9 1s a sectional view showing a structure of a
semiconductor device according to an eighth embodiment of
the invention. In addition, according to the eighth embodi-
ment, semiconductor chips of a stacked structure 521a-521c¢
and 531a-331c¢ are tlip-chip mounted on a carrier substrate
511 such that ends of the semiconductor chips of a stacked
structure 521a-521c and 331a-531c¢ are arranged above a
semiconductor chip 513.

In FIG. 9, while lands 5124 and 512¢ are formed on both
sides of the carrier substrate 511, internal wirings 5126 are
formed 1nside the carrier substrate 511. Then, on the carrier
substrate 511, the semiconductor chip 313 1s flip-chip
mounted, and protruding electrodes 514 for flip-chip mount-
ing are formed on the semiconductor chip 513. Then, the
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protruding electrodes 514, which are formed on the semi-
conductor chip 513, are ACF bonded onto lands 512¢ via an
anisotropic conductive sheet 515. In addition, when mount-
ing the semiconductor chip 513 on the carrier substrate 511,
besides a method of using ACF bonding, other adhesive
bonding, such as NCF bonding, may be used, or a metal
bonding, such as solder bonding and alloy bonding, may be
used. Moreover, on the lands 5124 formed on the back
surface of the carrier substrate 311, protruding electrodes
516 for mounting the carrier substrate 511 on a motherboard
are Tormed.

On the other hand, on the semiconductor chips 521a-521c¢
and 531a-331c¢, while electrode pads 522a-522¢ and 532a-
532¢ are formed, respectively, insulating layers 523a-523¢
and 533a-533c¢ are formed such that each of the electrode
pads 522a-522¢ and 532a-532c¢ are exposed. Then, 1n the
semiconductor chips 3521a-521¢ and 531a-531c¢, for
example, through-holes 524a-524c¢ and 534a-534c¢ are
formed corresponding to the positions of each of the elec-
trode pads 522a-522¢ and 332a-532c¢, respectively. Then,
inside each of the through-holes 524a-524¢ and 534a-534c,
through-hole electrodes 527a-527¢ and 337a-337¢ are
formed, respectively, via insulating layers 525a-525¢ and
535a-535¢ and via conductive films 526a-326c and 336a-

536¢, respectively. Then, the semiconductor chips 3521a-
521¢ and 531a-531¢ 1n which the through-hole electrodes
527a-527¢ and 537a-537c¢ are formed, respectively, are
stacked wvia the through-hole electrodes 527a-527¢ and
537a-537c, respectively. Furthermore, resin 528a, 5285,
538a, and 3538)H are injected into the gap between the
semiconductor chips 521a-521¢ and 331a-331c.

Then, on each of the through-hole electrodes 527a and
537a, which are formed on the semiconductor chips 521a
and 531a respectively, protruding electrodes 529 and 539 for
flip-chip mounting the stacked structures of the semicon-
ductor chips 521a-521¢ and 531a-531c¢ are formed, such that
ends of the stacked structures of the semiconductor chips
521a-521c¢ and 531a-531c¢ are held above the semiconductor
chip 513.

Here, the protruding electrodes 529 and 539 can be
arranged, but are excluded from a mounting region of the
semiconductor chip 513, and for example, the protruding
clectrodes 529 and 539 can be arranged 1n a U-shape. Then,
the protruding electrodes 529 and 539 are bonded onto the
lands 512¢, which are formed on the carrier substrate 511,
and thus the semiconductor chips 521a-521¢ and 531a-531c¢
ol a stacked structure are flip-chip mounted on the carrier
substrate 511 such that ends of the semiconductor chips
521a-521c¢ and 531a-531¢ of a stacked structure are
arranged above the semiconductor chip 513.

This enables flip-chip mounting of the stacked structures
of the semiconductor chips 521a-521¢ and 531a-531¢ on the
semiconductor chip 513 without interposing carrier sub-
strates between the stacked structures of the semiconductor
chips 521a-521c¢, 531a-531¢ and the semiconductor chip
513, and thus a stacking of the plurality of semiconductor
chips 521a-521c and 531a-531c, of diflerent types from that
of the semiconductor chip 513, becomes possible, while
suppressing an increase 1n height at the time of stacking.

Moreover, when mounting the stacked structures of the
semiconductor chips 321a-521¢ and 531a-531¢ on the car-
rier substrate 511, for example, an adhesive bonding such as
ACF bonding and NCF bonding, may be used, or a metal
bonding such as solder bonding and alloy bonding, may be
used. Moreover, as for the protruding electrodes 514, 516,
529 and 539, for example, an Au. bump, Cu bump or Ni
bump covered with solder material, or a solder ball, may be
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used. Moreover, although in the embodiment mentioned
above, a method of mounting a three-layer structure of
semiconductor chips 521a-521c¢ and 531a-531¢ on the car-
rier substrate 511 has been described, a stacked structure of
the semiconductor chips, which are mounted on the carrier
substrate 511, may be two layers or four layers or more.
Moreover, the gaps between semiconductor chips 321a,
531a and the carrier substrate 511 may be filled with sealing
resin.

FIG. 10 1s a sectional view showing a structure of a
semiconductor device according to a ninth embodiment of
the invention. In addition, according to the ninth embodi-
ment, a plurality of W-CSPs (watler level-chip-size pack-
ages) are mounted on a carrier substrate 611, such that ends
of the W-CSPs are arranged above a semiconductor chip
613. In FIG. 10, a semiconductor package PK71 has the
carrier substrate 611 provided therein, and lands 612a and
612¢ are formed on both sides of the carrier substrate 611,
while internal wirings 6126 are formed inside the carrier
substrate 611. Then, on the carrier substrate 611, the semi-
conductor chip 613 1s flip-chip mounted, and protruding
clectrodes 614 for tlip-chip mounting are formed on the
semiconductor chip 613. Then, protruding electrodes 614,
which are formed on the semiconductor chip 613, are ACF
bonded onto lands 612¢ via an anisotropic conductive sheet
615. Moreover, on the lands 612a formed on the back
surface of the carrier substrate 611, protruding electrodes
616 for mounting the carrier substrate 611 on a motherboard
are formed.

On the other hand, semiconductor packages PK72 and
PK73 have semiconductor chips 621 and 631 provided
therein, respectively, and on each of the semiconductor chips
621 and 631, clectrode pads 622 and 632 are formed,
respectively, while insulating layers 623 and 633 are formed,
respectively, such that each of the electrode pads 622 and
632 1s exposed. Then, on each of the semiconductor chips
621 and 631, stress relieving layers 624 and 634 are formed,
respectively, such that each of the electrode pads 622 and
632 1s exposed. Furthermore, on each of the electrode pads
622 and 632, re-routing wirings 625 and 635, which are
extended on the stress relieving layers 624 and 634 respec-
tively, are formed. Then, on each of the re-routing wirings
625 and 635, solder-resist films 626 and 636 are formed,
respectively, and on each of the solder-resist films 626 and
636, openings 627 and 637, which expose the re-routing
wirings 625 and 635 on each of the stress relieving layers
624 and 634 respectively, are formed. Then, on the re-
routing wirings 625 and 635, which are exposed via each of
the openings 627 and 637 respectively, protruding electrodes
628 and 638 for face-down mounting each of the semicon-
ductor chips 621 and 631 on the carrier substrate 611 are
tformed such that ends of semiconductor chips 621 and 631
are held above the semiconductor chip 613.

Here, the protruding electrodes 628 and 638 can be
arranged, but are excluded from a mounting region of the
semiconductor chip 613, and for example, the protruding
clectrodes 628 and 638 can be arranged 1n a U-shape. Then,
the semiconductor packages PK72 and PK73 are mounted
on the carrier substrate 611 such that the protruding elec-
trodes 628 and 638 are bonded to the lands 612¢, which are
formed on the carrier substrate 611, and furthermore ends of
the semiconductor chips 6211 and 631 are arranged above
the semiconductor chip 613.

Accordingly, the W-CSPs can be stacked on the carrier
substrate 611 in which the semiconductor chip 613 1s
tlip-chip mounted, and thus even when the types or sizes of
the semiconductor chups 613, 621 and 631 are diflerent, the
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semiconductor chuips 621 and 631 can be three-dimension-
ally mounted on the semiconductor chip 613 without inter-
posing carrier substrates between the semiconductor chips
613, 621 and 631. For this reason, the mounting area can be
reduced, while suppressing an increase in height at the time
of stacking the semiconductor chips 613, 621 and 631,
thereby improving the eflectiveness 1n space savings.

In addition, when mounting the semiconductor packages
PK72 and PK73 on the carrier substrate 611, the semicon-
ductor packages PK72 and PK73 may be closely contacted
onto the semiconductor chip 613, or the semiconductor
packages PK72 and PK73 may be separated from the
semiconductor chip 613. Moreover, when mounting the
semiconductor packages PK72 and PK73 on the carrier
substrate 611, an adhesive bonding such as ACF bonding
and NCF bonding, may be used, or a metal bonding such as
solder bonding and alloy bonding, may be used. Moreover,
as for the protruding electrodes 614, 616, 628, and 638, for
example, an Au bump, Cu bump or N1 bump covered with
solder matenial, or a solder ball, may be used.

In addition, the above-described semiconductor devices
and the electronic devices are applicable to electronic equip-
ment such as a liquid crystal display, a cellular phone, a
Personal Digital Assistant, a video camera, a digital camera
and MD (Min1 Disc) player, and thus enable the attainment
of weight savings and mimaturization of electronic equip-
ment, while improving the functional performance of elec-
tronic equipment. Moreover, although in the above-de-
scribed embodiments, methods of mounting semiconductor
chips or semiconductor packages have been described as
examples, the present invention 1s not necessarily limited to
the methods of mounting semiconductor chips or semicon-
ductor packages, and, for example, a ceramic element such
as a surface acoustic wave (SAW) element, an optical device
such as a light modulator and an optical switch, and various
sensors such as a magnetic sensor and a bio-sensor, may be
mounted.

What 1s claimed 1s:

1. A semiconductor device, comprising:

a first semiconductor package 1n which a first semicon-
ductor chip 1s mounted, the first semiconductor chip
mounted on a top surface of a first carrier substrate of
the first semiconductor package;

a second semiconductor package in which at least one
semiconductor chip 1s mounted and 1s supported on the
first semiconductor package such that ends of the
second semiconductor package are arranged above the
first semiconductor chip; and

a third semiconductor package that is supported on the
first semiconductor package such that ends of the third
semiconductor package are arranged above the first
semiconductor chip;

wherein the second semiconductor package and the third
semiconductor package are separated from each other.

2. The semiconductor device according to claim 1,
wherein at least one of a size, thickness and material 1s
different between the second semiconductor package and the
third semiconductor package.

3. The semiconductor device according to claim 1,
wherein at least one gap selected from the group including;:

a gap between the second semiconductor package and the
third semiconductor package;

a gap between the first semiconductor package and the
second semiconductor package; and

a gap between the first semiconductor package and the
third semiconductor package;

1s filled with resin.
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4. The semiconductor device according to claim 1,
wherein:

the first semiconductor chip 1s tlip-chip mounted on the

first carrier substrate;

the second semiconductor chip 1s mounted on a second

carrier substrate;

protruding electrodes are bonded onto the first carrier

substrate and hold the second carrier substrate above
the first semiconductor chip; and

a sealing agent, which seals the second semiconductor

chip.

5. The semiconductor device according to claim 4,
wherein the first semiconductor packages 1s a ball grid array
in which the first semiconductor chip 1s tlip-chip mounted on
the first carrier package, and the second semiconductor
package 1s one of a ball grid array and a chip-size package
in which the second semiconductor chip mounted on the
second carrier substrate 1s sealed with a mold.

6. The semiconductor device according to claim 4,
wherein the protruding electrodes are arranged at least at
four corners of the second carrier substrate, and are excluded
from a mounting region of the first semiconductor chip.

7. The semiconductor device according to claim 4,
wherein the first semiconductor chip 1s a logic-processing,
clement, and the second semiconductor chip 15 a memory
clement.

8. A semiconductor device, comprising:

a first semiconductor package 1in which a first semicon-

ductor chip 1s mounted, the first semiconductor chip
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mounted on a top surface of a first carrier substrate ol 30

the first semiconductor package;

a second semiconductor package having a second semi-
conductor chip that 1s supported on the first semicon-
ductor package such that ends of the second semicon-
ductor chip are arranged above the first semiconductor
chip; and

a third semiconductor package having a third semicon-
ductor chip that 1s supported on the first semiconductor
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package such that ends of the third semiconductor chip

are arranged above the first semiconductor chip;
wherein the second semiconductor package and the third

semiconductor package are separated from each other.

9. The semiconductor device according to claim 8,

wherein the second semiconductor chip includes a three-
dimensional mounting structure.

10. An electronic device, comprising:

a first package in which an electronic component 1s
mounted on a top surface of a first carrier substrate of
the first semiconductor package;

a second package that 1s supported on the first package
such that ends of the second package are arranged
above the electronic component; and

a third package that 1s supported on the first package such
that ends of the third package are arranged above the
clectronic component;

wherein the second package and the third package are
separated from each other.

11. Electronic equipment, comprising:

a first semiconductor package 1n which a semiconductor

chip 1s mounted on a top surface of a first carrier
substrate of the first semiconductor package;

a second semiconductor package that 1s supported on the
first semiconductor package such that ends of the
second semiconductor package are arranged above the
semiconductor chip;

a motherboard on which the second semiconductor pack-
age 1s mounted; and

a third semiconductor package that is supported on the
first semiconductor package such that ends of the third
semiconductor package are arranged above the semi-
conductor chip;

wherein the second semiconductor package and the third
semiconductor package are separated from each other.
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